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A B S T R A C T  I -- 
S o m e  des i r ab l e  d e s i g n  fe a tu r es  o f a  fu tu r e  faci l i ty fo r  th e  s tudy  o f l ight  m e s o n  

spec t r oscopy  i n  h a d r o p r o d u c tio n  a r e  desc r i b ed  a n d  c o m p a r e d  w i th  w h a t h a s  b e e n  
a ch i e v ed  b y  th e  L A S S  spec t romete r .  A  fe w  a s pec ts o f n e x t -gene ra t i on  e x p e r imen ts 
u s i n g  s uch  a  faci l i ty a r e  a l so  d i scussed ,  i n c l ud i ng  fin a l  state s a m p l e  s izes  a n d  pe r -  
fo r m a n c e  r e q u i r emen ts. T h e  n e e d  fo r  c o m p l e m e n ta ry  p r o d u c tio n  m o d e s  a n d  d e cay  
channe l s ,  a n d  th e  impo r t ance  o f a  b r o a d  p r o g r a m m a tic a p p r o a c h  to  th e  phys ics  a r e  
s t ressed.  

M O T IV A T IO N  
A  n u m b e r  o f ta lks  i n  th i s  sess i on  h a v e  a l r e ady  d i scussed  th e  poss ib i l i t i es  fo r  

p r ov i d i ng  m e d i u m  e ne r g y , h i g h  flu x  b e a m s  su i t ab le  fo r  fu tu r e  h a d r o p r o d u c tio n  ex -  
p e r i m e n ts a t a  n u m b e r  o f acce le ra to rs !” In  th i s  ta lk,  I wi l l  i n d u l g e  i n  a  fe w  g ene r a l  
r ema rks’a b o u t l ight  q ua r k  spec t roscopy ,  a n d  th e  d e s i g n  o f a n  e x p e r imen ta l  faci l i ty 
to  fit i n  s uch  a  b e a m  l ine.  I wi l l  i l lust rate th e s e  r ema rks  w i th  resu l ts  f r om th e  p ro -  
g r a m m a tic s tud ies  o f s t r ange  a n d  s t r a ngeon i um  m e s o n s  i n  K - p  p r o d uc tio n  w i th  th e  
L A S S  spec t r omete r  a t S L A C .[2 -“1  

It m u s t b e  r ea l i zed  a t th e  o u tset th a t a n y  n e w  e x pe r imen ta l  a tte m p t to  a dd r e ss  
th e  b r o a d  q u e s tio n s  o f l ight  h a d r o n  spec t r oscopy  wi l l  b e  a  ma j o r  e ffort  r equ i r i n g  a  ve ry  
h i g h  qua l i ty  spec t r omete r  a n d  ex tens i ve  ana l ys i s  o f mass i ve  d a ta  samp les .  A fte r  al l ,  
th e  phys ics  h a s  b e e n  s tud i ed  fo r  we l l  o ve r  2 0  yea rs  i n  m a n y  d i f fe rent  p r o d u c tio n  env i -  
r o n m e n ts, a n d , i n  m a n y  cases ,  w i th  ve ry  l a r ge  d a ta  samp les .  In  th e s e  c i rcumstances ,  
it s e e m s  fa i r  to  ask  w h e th e r  th e  pu rsu i t  o f th i s  phys ics  just i f ies th e  e ffort. 

A  c a n d i d a te  th eo r y  o f th e  s t rong  in te rac t ions  ( &CD )  h a s  b e e n  u n d e r  d eve l o p -  
m e n t s i nce  th e  ea r l y  1 9 7 0 ’s, b u t it is sti l l n o t poss i b l e  to  ca lcu la te  th e  spec t r um 
re l iab ly .  In  th e  fu tu re ,  if h i g h  qua l i ty  ca lcu la t i ons  o f th e  Q C D  spec t r um we r e  to  
b e c o m e  ava i l a b l e  ( p e r h aps  f r om th e  latt ice), d e ta i l e d  q u a n tita t ive c ompa r i s ons  w i th  
th e  e x p e r imen ta l  spec t r um w o u l d  b e  th e  i dea l  test  o f th e  theo ry .  Howeve r , a t th e  m o -  
m e n t, o u r  th e o r e t ical  u n d e r s ta n d i n g  o f q q  h ad r on i c  s t ructure r ema i n s  b a s e d  l a rge l y  
o n  “n e w ” ve rs i ons  o f o l d - f ash i oned  const i tuent  q ua r k  m o d e l s , ve ry  s im i la r  to  th o s e  
th a t h a v e  b e e n  i n  ex i s tence  fo r  a b o u t 2 5  yea r s?  In  th i s  a p p r o x ima tio n , c ompa r i s ons  
a r e  m a d e  m o r e  re l i ab ly  i n  th e  h e a vy  spec t roscop ies ,  a n d  s o  it m ight  b e  a r g u e d  th a t 
e x pe r im&a l  e ffort  is b e tte r  s p e n t o n  th e  h e a vy  par t ic les.  Mo r e o ve r , i n  a  m o r e  fu n -  
d a m e n ta l  s e n se , it c a n  b e  a r g u e d  th a t s tud ies  a t h i g h  ene rg i es ,  a w a y  f r om th e  b o u n d  
state r e g ime  a l toge the r ,  a r e  l ike ly to  b e  m o r e  prof i tab le .  

* Wo r k  suppo r t ed  by  the  Depa r tmen t  of E ne r g y  u n d e r  cont ract  No.  D E A C O b 7 6 S F 0 0 5 1 5 . 

Inv i ted talk at 2 h e  In te rnat iona l  Con f e r ence  o n  
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However, the scale of the ef- 
fort required to make major 
experimental progress in the 
light meson sector, while not 
small, is quite modest com- 
pared to most studies at 
higher energies; and even 
thougll many detailed prop- 
erties of the light quark spec- 
tra have not been understood 
in 20 years of study, we have 
learned how to do much bet- 
ter experiments. Thus, it can 
be argued that the experi- 
ments should be done, even 
though we can not now cal- 
culate the details precisely. 
There are a number of rea- 
sons why such data could be 
helpful a.t,this time. One of 
the -clearest predictions of 
QCD is that exotic hadrons 
should exist in addition to 
those predicted by the naive 
constituent quark models. 
The presence or absence of 
these states is a crucial qual- 
itative test of the theory. 
None of the predicted exotics 
have been unambiguously 
identified to date. 

( 
L 

;=(-l)L+Z 

I 

M2 

6526Al 12-m 

(qq Level Scheme) 

[I t1 [I II 
S=n S=l 

I L$ 
- 

14 

ii; 

3F - 

Fig. 1 Level diagram (Grotrian plot) for the strange 
meson states observed in LASS. The dashed lines in- 
dicate the lowest lying states expected in the quark 
model. The mass levels are illustrative only. The 
states indicated by cross-hatching are clearly observed, 
and have generally been confirmed; in a few cases 
there are possible classification ambiguities. The 
states indicated by diagonal lines are more specu- 
lative and require confirmation. 

Since most of these states can hide amongst the normal @  states, it is very impor- 
tant to provide an accurate template of @  states against which to compare exotic 
candidates. 

The qq spectra are known to agree well with the simple models; and, in par- 
_ titular, the qualitative features seem clear. Figure 1 shows the known spectrum of 

strange states as observed in LASS and its predecessor experiments at SLAC.t2-““g1 
The observed states are those expected in the model; the orbital excitations lie on 
approximately linear trajectories; and the L - S triplet splittings seem to be small. 
The strange mesons provide an excellent laboratory to study a pure qq system since 
there is no isoscalar-isovector mixing and no confusion w‘ith pure glueballs, and in- 
deed, this spectrum is the best understood of the mesonic spectra. However, there 
are only a few states whose parameters are very well measured (to - 10 MeV/c2 or 
better). More data would help to confirm the features and pin down the parameters, 
and in the case of other sectors (e.g. SS) the data need to be expanded by about two 
orders of magnitude just to match the experimental situation in the strange sector. 



In the following, I will discuss some of the features of a facility which could perform 
such experiments. This will be preceded by a review of LASS to illustrate why some 
of these features are desirable. 

THE LASS EXPERIMENT 
The LASS facility, shown in Fig. 2, is a general purpose spectrometer designed 

primarily for meson spectroscopy!’ It has 4~ geometrical acceptance with excellent 
angular and momentum resolution, full azimuthal symmetry, excellent particle identi- 
ficatio;n”;-and high rate data acquisition capability. LASS contains two large magnets 
filled with tracking detectors. The first magnet is a superconducting solenoid with a 
22.4 kG field parallel to the beam direction. This is followed by a 30 kG-m dipole 
magnet with a vertical field. The solenoid is effective in measuring the interaction 
products which have large production angles and relatively low momenta. High en- 
ergy secondaries, which tend to stay close to the beam line, are not well measured in 
the solenoid, but pass through the dipole for measurement there. 

Particle identification is provided by a Cherenkov counter (Cl) and a time- 
of-flight hodoscope (TOF) which fill the exit aperture of the solenoid, and by a 
Cherenkov counter (C2) at the exit of the dipole spectrometer. In addition, the dE/dx 
ionization energy loss in the cylindrical proportional chambers which surround the 
target is measured to separate wide angle protons from r’s in the l/p2 region below 
600 MeV/c. 
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Fig. 2. The LASS Spectrometer. 

LASS is situated in an RF-separated beam line which delivers a 5-16 GeV/c beam 
of high purity (typically 70/l or better K/T ratio at 11 GeV/c before tagging by beam 



Cherenkov counters). The beam is fully analyzed and tagged before entering LASS. 
The detector is capable of handling a rather high instantaneous flux (- 5 x 106), 
but because of the poor duty factor of SLAC (typically 2 x 10m4 at 120 pps), the 
useful beam flux is limited to -4/pulse or w250-500/set. 

The trigger maintains the 4~ acceptance by counting particles which emerge from 
the target in a closed cylinder which surrounds the target. For the K- program, 
the trigger is essentially crtot, except for the all neutral final states, and is quite 
cleaniabout 85% of all triggers are good physics events. Under typical conditions, 
the 6% trigger rate leads to lo-20 events per second to tape. Deadtime starts to 
be a concern above about 20 events per second. The events average about 3 kbytes 
each and a 6250 bpi tape is filled about every hour. About 5% of the events are 
processed during running to check on the data quality. The entire K- luminosity of 
4.1 events/nb (1.13 x lo6 events) was taken during running periods totalling about 
six months spread over a time interval of about two years. 

The total LASS (E135) K aon program contained 135 million events on 2460 
raw tapes. Track reconstruction and event classification required about 0.55 seconds 
per event on an IBM 3081K, so that about 2.4 3081K years were required for one 
pass through the raw tapes. Since we could only afford to do this job once, some 
care was given to pre-production testing of small samples before the main analysis 
was begun: The reconstruction job would be substantially simpler today than it 
was in I934/1985 when the processing was actually done. About 36% of the data 
were processed at SLAC on emulator (168/E, 3081/E) farms which were developed 
for reconstruction, Monte Carlo, and multi-vertex fitting. The remaining 64% of 
the data were processed at Nagoya university using the “spare” main frame capacity 
available on large FACOM computers (an M200 and a M382). The output of the 
reconstruction process was 1169 DST’s (and 225 mini-DST’s) classified by topology. 
For typical processes, reasonable sample sizes could then be attained rather quickly 
using simple cuts. 

The number of people involved in the LASS program has been quite modest by 
high energy physics standards. The spectrometer itself was designed and operated 
over about a ten year period which ended with the running of the El35 program in 
1982. The Kaon program discussed here (experiment E135) was proposed in 1979. 
Analysis is still underway. There were 37 physicists in all who worked on the exper- 
iment. Twelve of these were students. About nine of these individuals were “core” 
staff in the sense that they contributed five or more FTE years during the LASS 
period. 

FEATURES OF THE SPECTROMETER PERFORMANCE 
Experiment El35 in LASS represents a particular experimental “style” in spec- 

troscopy. It can be thought of as a very large “electronic bubble chamber” exposure 
with particle identification, rather than a typical selectively-triggered spectrometer 
experiment. In particular, it emphasizes a broad programmatic approach to the 
physics which requires (1) a 47r spectrometer with good resolution and particle iden- 
tification; (2) an open trigger with many different final states (and different produc- 
tion amplitudes); (3) very high statistics; and (4) complete analysis including partial 
wave decomposition. In this section, a few examples from El35 will be discussed to 
illustrate some of these features and the relationships between them. 
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The reaction 
K-p -+ K-r+n (1) 

is an ideal place to study the orbital excitation ladder! It is topologically simple, 
is restricted to the natural spin-parity series, and has a large cross section which 
is dominated by x exchange at small values of momentum transfer (t’ = t - tmin). 
The f$t three orbitally excited leading K*'s appear as bumps in the raw mass dis- 
tribution shown in Fig. 3. However, even with the large statistics of this channel 
the higher mass leading states are hidden, and, of course, none of the interesting 
underlying structure can be studied in detail without a partial wave analysis (PWA). 
Thus, sufficient resolution to select the channel, and very good acceptance in the Kr 
angular variables are basic requirements. Note that the “effective” statistics which 
are available are reduced by the need for data selection cuts, as illustrated in Fig. 3. 
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Fig. 3. The invariant K-T+ mass from the reaction K-p + 
K-r+n for It’1 5 1.0 (GeV/c)2; the unshaded curve contains 
all 730,000 events while the cross-hatched curve contains the 

..- 385,00O_events that remain after the N* is removed. . 

For example, removing the nucleon resonance region costs about a factor of two in 
statistics, and after selecting the events which are useful for a study of Kr scattering 
(t’ < 0.2 (GeV/c)2) the data sample available for analysis is about 151,000 events. 
Thenumber of K* states is large, and the states interfere and overlap so that this 
statistical level turns out to be just adequate to sort out the full structure in the 
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mass region up to about 1.85 GeV/c2, while at higher masses only the leading states 
can be seen with confidence. Figure 4 shows the observed P-wave structure in the 
region below 1.8 GeV/c 2. In addition to the well known K*(890), there is a state 
(the K*(1790)) ‘tt’ g SI m underneath the leading Ki( 1780), and a state with very small 
elasticity (6.6%) around 1.4 GeV/c 2. The observation of such a small branching ratio 
clearly requires the full statistical power of the experiment, and even so, confirmation 
is needed before such a state can be accepted as fully reliable. 

H&ztorically, in LASS these observations of the two underlying l- states in the 
1.4 to 1.8 GeV/c2 region confirmed results from the reaction 

--o+- K-p+Kn- T n. (2) 

- (b) 
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Fig. 4. The magnitude (a) and phase 
(b) of the K-T+ P-wave amplitude 
from the reaction K-p + K-hn 
in the mass region below 1.84 GeV/c2. 
The dashed line shows the results 
of a--fit including the K*(892) and 
K*(1790) only, while the solid line 
indicates the fit that includes an- 
other resonance around 1.4 GeV/c2. 
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Fig. 5. The invariant ?~+7r- mass from 
the reaction K-p + ?7r+n-n for all events 
(top) and for events with It’1 5 0.3 (GeV/c)2 
(bottom); the dashed line gives the final 
acceptance after all cuts. 
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Fig. 6. The natural spin-parity wave sums from the reaction 
K-p + ??+r+n-n. 

The invariant mass distribution shown in Fig. 5 for reaction (2)[51 is reminiscent of 
that shown above for reaction (1). It looks quite simple with bumps around the 
leading K,*(1430) and K,*(1780) resonances above a rather smooth “background.” In 
fact, the PWA demonstrates that over two-thirds of the spectrum is resonant, and 
that the peaks around 1.45 and 1.8 GeV/ c2 each contain important contributions 
‘from at least two resonances. For example, the natural spin-parity Jp sums (Fig. 6) 
show the leading 2 +, 3-, and 4+ natural spin-parity resonances as bumps in the Jp 
cross sections, but bumps in the l- cross section are about as large around 1.4 and 
1.75 GeVfc2 as. the leading resonances. A further decomposition of the l- amplitude 
into the different isobar partial waves (Fig. 7) shows that the structures are caused 
by two l- states which are consistent in parameter values with those seen in reaction 
(1). The lower state has a mass of 1.42 f 0.017 GeV/c2 and couples mostly to K*r 
while the higher state has a mass of 1.735 f 0.030 GeV/c2 and couples to both K*r 
and Kp. The production characteristics of these states are also consistent with the 
observed KT elasticities. The simplest classification of these objects is that the lower 
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mass state is the 23Sr K* and the higher mass state is 13Dr. From an experimental 
perspective, the observation and confirmation of these states benefited greatly from 
essentially all of the stylistic features of the experiment noted above. 
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Fig. 7. The l-K”?r+r- P-wave amplitudes from the reaction K-p + 
??O,+r-n showing a K*(1410) coupling mostly to K*T and a K*(1790) 
coupling to both K*T and Kp. 

The high sensitivity and excellent acceptance of LASS are also important to the 
study of much lower cross section channels such as 

and 

K-p + K-K%& (3) 

K-p + K;K$l. (4) 

These reactions[*-lo1 are restricted to natural spin-parity mesons only, and are domi- 
nated by peripheral hypercharge exchange. The production of ss mesons is therefore 
expected.fo be greatly favored over glueballs. These channels should provide a clear 
look at- the str’angeonia, and also lead to revealing comparisons with the same final 
states seen in other production channels which might be glue-enriched. The selection 
of reaction (3) is particularly sensitive to good particle identificat,ion and both chan- 
nels depend on the ability to reconstruct the slow A. The study of the meson systems 
makes essentially the same experimental demands on the spectrometer as discussed 
above for the study of reactions (1) and (2). 
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The mass spectrum [Fig. 8(a)] for 
reaction (3) shows bumps corresponding 
to the well-known 4( 1020) and &( 1525) 
leading orbital states, as well as a smaller 
bump in the &(1850) region. Only the 
fi( 1525) is clearly seen in reaction (4) 
[Fig. 8(b)] since this channel is restricted 
to the even spin states. In neither case 
is tl&e any evidence for the 0( 1720). 
In general, the K-K+ (strangeonium) 
spectrum is very reminiscent of the 
K-T+ (strange) spectrum (Fig. 3) with 
an appropriate shift in mass scale to 
account for the additional constituent 
s quark. This should be contrasted with 
production of the same final state with 
a 7r beam, as observed in the CERN 0 

PI spectrometer, where no strangeness is 
exchanged. Figure 9 compares the mass 
spectrum-observed in the ?r beam case 
with.the-results from reaction (3). The 
bumps observed are associated with mi- 
nority decay modes of objects without 
hidden strangeness, such as f2( 1270) and 
a~( 1320), interfering with strangeonium 
production. 

Even though the sample sizes are 
much smaller for the strangeonium 
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Fig. 8. The KE mass spectra from reac- 
tion; (a) K-p + K- K+A; and (b) K-p + 

PK~A. 
channels than for the strange ones, the spectroscopy is expected to be very similar; 
and, in principle, a full spin analysis is necessary to understand the details of the spec- 
trum. In E135, the statistics are not available to allow this in detail, and little can 
be done to probe the underlying states above 1.6 GeV/c2. However, since the accep- 
tance of the spectrometer is very good, the nature of the leading strangeonia up to 
G--wave can be studied in reaction (3) in the following way. It is first shown that the 
interference between ss resonance production and diffractive N* production can be 
utilized to analyze the leading ss amplitude, and this method gives results which are 

- consistent with a more conventional spin-parity analysis in the F-wave region where 
the statistics are sufficient to perform the more conventional analysis. The method 
is then extended to the analysis of the G-wave amplitude in the 2.2 GeV/c2 region. 
Figure J.gshows evidence for a 4++ state ,the &(2210), which is a good candidate to 
be the -mainly SS member of the 4++ nonet predicted by the quark model. 

It is appropriate here to look a bit more directly at the issues of spectrometer 
acceptance and its effect on the physics analysis. Figure 11 compares the raw invari- 
ant K-r+ mass spectra from reaction (1) as seen in three different experiments done 
at SLAC. [3.21,221 All of these experiments were designed to do high quality studies of 
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Fig. 9. Compar ison of the K-K+ mass spectra from the reaction K-p + 
K-K+A seen by  the LASS exper iment (unshaded) with that from the reaction 
r-p + K-K+n (cross-hatched) seen in the 0  spectrometer at CERN. 
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Fig. 10. The  mass  dependence of the 
interference between the K-K+ Go  
and diffractive background ampl i tudes 
from the reaction K-p ---) K-K+A 
showing ev idence for a  4++ state 
around 2.2 GeV/c2. 
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Fig. 11. Compar ison of the invariant K-n+ 
mass spectra from the reaction K-p + 
K-bn as seen in three different spectrom- 
eters. 
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reaction (1) and had somewhat comparable 
amounts of running time-El32 had the short- 
est running period. The so lid line is  from El35 
and has ve ry  little dis tortion s ince the spectrom- 
eter and trigger are essent ially  full-acceptance. 
The dashed line is  from an earlier exper iment in 
LASS (E132) which  also  had nearly 47r recon- 
s truction acceptance but had a two-particle for- 
ward trigger which  reduced the effec tive  accep- 
tance.ior s tates  at high mass  w ith high sp in. The 
experrmental sens itiv ity  is  les s , of course, which  
reduces the event sample, but the trigger bias  
dis torts the high mass  behavior as  well. The dot- 
ted line is  taken from the forward-dipole spec-  
trometer exper iment E75. A s ignificant amount 
of dis tortion of the spectrum already occu rs  by  a 
mass  of 1.4 GeV/c 2. This  dis tortion occu rs  be- 
cause the data from high sp in objec ts  preferen- 
tially  populate the ends of the angular dis tribu- 
tion. The los s  of these data can c learly  be seen 
by  compar ing the scatter plots  of mass  ve rsus  
the cos ine of the helic ity  angle in the Gottfried- 
Jackson  frame (CO&J)  for E75 (F ig. 12) and 
(COd?Gj)  for El35 (F ig. 13). 
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F ig: 13. .-Scatter plot of the K-r+ mass 
againSt‘COS(6G) )  from the reaction K-p + 
K-r+n in the region It’] 5 0.2 (GeV/c)2 
as seen by  El35 in LASS. 
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F ig. 12. Scatter plot of the K-r+ 
mass agains t cos(f9~) from the re- 
action K-p + K-rr+n in the re- 
gion It’/ 5 0.2 (GeV/c)2 as seen 
in the dipole spectrometer of ex-  
periment E75. The L=6,8 M=O, 
uncorrected spher ica l-harmonic 
moments YLM as functions of mass  
are also  shown; the so lid line shows 
the effec t of the spectrometer ac-  
ceptance. 
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Good resolution is also crucial, both for sample selection and for the observation 
of narrow structures; and it should be good over the entire phase space. For example, 
the two body mass resolution needs to be sufficient to resolve narrow structures such 
as the p - w interference effect shown in Fig. 14 for the reaction D51 

K-p + C+A. (5) 
Good resolution in missing mass is also important in the selection of channels with a 
neutral recoil. Figure 15 shows the squared missing mass distribution (MM2) against 
the I?7r+ system from reaction (1). There are significant backgrounds which can 
arise both above and below the neutron recoil, and the resolution should be sufficient 
to separate these backgrounds from the desired neutron recoil. The background re- 
maining in the neutron sample after cuts is estimated from the fit to the distribution 
of Fig. 15 to be 6%. 

200 

0 

12-90 

0.4 0.6 0.6 1 .o 

_ 2500 
lu 
77 
$ 2000 

CT 
0 1500 
6 

7 
p 1000 

El 
2 500 

0 

M n+n- (GeVh9) 
67.245 

11-66 MM2 [(GeV/c2) 2] 5565A,o 

Fig. 14. The natural parity exchange cross Fig. 15. The squared missing mass distri- 
section in the p region from the reaction bution against the KT system from the 
K-p + r-;lr+A. The data are shown as reaction K-p + K-r+n for events with 
solid dots; the solid curve represents a fit It’] 5 0.2 (GeV/c)2. The solid line in- 
expression which includes p - w interfer- dicates the results of a fit which includes 
ence; the open dots represent the resolu- the experimental resolution and back- 
tion smeared curve; and the dotted curve ground contributions from the K-n+A” 
is the contribution from the p line-shape 
only. 

(dashed line) and K-rep (dotted line) fi- 
nal states. 

Good resolution coupled with good acceptance can also be thought of as a form 
of “particle identification” and allows otherwise inaccessible channels to be studied. 
For example, the reaction 

..- . K-p + K-qp (6) 

was studied in El35 in a missing 7r” mode.‘“’ Figure 16(a) shows the raw Kq invariant 
mass dependence, while the intensity distributions for the D and F waves are shown 
in Figs. 16(b) and 16(c). There is a significant amount of Kz( 1780) seen but no 
K;( 1430). 
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: _. 

-1.0 2.0 1.2 1.6 2.0 I .4 1.8 

10-88 
MK-,, (GeVk*) M,-,, (GeV/c’) 

S145A5 

Fig. 16. The Kq mass dependence from the reaction K-p + 
K-qp for: (a) the raw data spectrum with 
M(rlp) 2 2.0 GeV/ c2 and M(K-p) 2 1.85 GeV/c2; (b) the 
intensities of the D and (c) F waves; the Breit-Wigner curve 
on the D wave indicates the 95% upper limit for K,*(1430) 
production while the curve on the F wave indicates the fit to 
the Ki( 1780). 

FinaJly, direct particle identification is important, and is used throughout the 
sample selection of most of the channels described above. As one further exam- 
ple of the power of this technique for spectroscopy, it is instructive to consider the 
E”(1530)K- mass distribution shown in Fig. 171” 

60 

0 

(4 
l Estimated non-E 

background 
o Estimated n- 

punch-through 

: *  
d 

..- 
2.0 2.03 2.43 2.63 3.23 

12-91 
.7064A17 M&3(, /;“l-. (tf”k2) MZ~Cr530jK- (GeV/c2) 

Fig. 17. The Z (1 ’ 530)K- mass distribution for: (a) all 
events where the “K-” is actually identified by the par- 
ticle identification system as a r; (b) for events where the 
“K-” is identified as a true K-. 
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When the particle called a K- is actually identified by Cherenkov or TOF as a 
?r, Fig. 17(a), there is a smooth mass distribution. However, when the particle is 
positively identified as K- the distribution, shown in Fig. 17(b), has a sharp structure 
around 2.25 GeV/c2 which provides clear evidence for production of the 0*-(2253). 

In summary, the LASS experience has demonstrated the power of the program- 
matic “electronic bubble chamber” approach to experimental meson spectroscopy. 
The experimental difficulties inherent in performing these experiments were tractable. 
In particular, the beam requirements were modest; the computing needs were met in 
a straightforward manner; the analysis tools were developed to perform the required 
studies of even the highest statistics channels; and the number of physicists required 
by the experiment was modest. In the following sections, I would like to explore how 
this experience might be extrapolated to possible future facilities and experiments. 

A FUTURE SPECTROSCOPY FACILITY 
In the following section, I will review a few desirable features of a new facility for 

meson spectroscopy and some of the experiments which might be performed there. 
I caution the reader that this is a highly selected, personally biased, and somewhat 
idiosyncratic list. 

The Experimental Program 
Ideally, it seems clear that two complementary approaches to high “luminosity” 

experiments should be pursued in the future. The first approach utilizes a clever 
trigger which can be used with a high flux beam into a good spectrometer to select 
low cross section processes and study them with high statistics. Though this approach 
has many attractions, and in the case of low cross section channels may represent the 
only possible way to do the experiments, the number of topics which can benefit 
from this approach is limited by the difficulty of devising efficient triggers which 
maintain 4Z acceptance. Moreover, it is not a very efficient way to use beam time 
since most of the physics is not written to tape. The second approach is to extend 
the LASS style experiment discussed above by a factor of N 100 or more, using all 
possible incident beams (7r, K,p) to allow the various spectroscopies to be compared 
and contrasted. The advances that could be expected from such a program are 
enormous. For example, for a K- beam, the number of events expected in a few of 
the final states which might be useful for the study of the strange mesons are given 
in Table 1. 

The attainment of this level of statistics would be expected to lead to an excellent 
understanding of the strange meson spectrum at least up to the K,*(2380), with good 
measurements of the masses and widths, branching ratios, multiplet splittings, etc. 
At the same time, the events available in channels for studying strangeonia would 
becomecomparable to the statistics now available in El35 for the strange meson 
studies, as shown for a few examples by Table 2 below, and should lead to a rather 
complete understanding of the strangeonia, including underlying states, below about 
2.0 GeV/c2. 
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Table 1 

L --- 

I Strange Channels 

I Final State Expected Number of Events I I 

I K-rip I 7 x 105 

I FA-p 1 2 x lo6 above the K,*(1430) 1 

K-r+n 

K-wp 

4 x lo7 above the K,*(1430) 

1 x 107 

I K-4~ 1 2 x 106 

Table 2 

SIX 

Final State 

K*K*A 

lngeonium Channels 

Expected Number of Events 

1 x 106 

5 x lo4 

4 x 105 

1 x 105 

The Spectrometer 
In the following, I would like to consider some of the design features of a facility 

to perform the broad programmatic spectroscopy program discussed in the preceding 
section. In general, the LASS spectrometer appears to be an excellent model for a 
new facility. Of course, it should be improved in a number of major ways, and in 
any case it no longer exists, so that an all new device is a necessity. Some of the 
improvements which might be incorporated are: 

1. Modern technology tracking detectors to improve overall tracking efficiency and 
resolution, and to improve the vertex finding and resolution. The chambers 
should also incorporate high quality dE/d x measurements to improve the par- 
ticle identification in the l/p2 region. 

2. Better geometrical matching between the solenoid and the dipole magnets 
(LASS used a rather small “recycled” dipole). 

3. A-shorter. LH2 target to improve the geometry in the vertex region. However, 
the optimization of the target length also depends on the beam flux available 
and the trigger rate of the detector. 
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4. Modernization of the particle identification. In principle, ring imaging Cherenkov 
detectors could cover essentially all of the phase space of the experiments, but 
their cost would need to be justified. 

5. Added shower detectors. However, a 47r photon detection system would be 
expensive and would also require a larger solenoid. 

6. Improvement of the trigger and the data acquisition systems to handle very 
high rates. 

I --- 
The Beam 

There are a number of constraints on the choice of the optimum beam momentum 
for spectroscopy experiments. From a physics perspective, access is needed to meson 
masses of at least 2.5 GeV/c2, which implies that the beam momentum should be 
greater than about 8 GeV/c. The overlap of the meson resonance region of interest 
with the low mass baryon resonance recoils should also be minimized, which pushes 
the desired momentum up. On the other hand, exclusive cross sections drop as the 
momentum goes up. From an experimental perspective, as beam momenta increase, 
the experiments tend to grow physically larger, since the resolution in the final state 
variables must be maintained. Particle identification technologies also tend to fill 
specific energy niches, and, in particular, high momentum particle identification is 
quite difficult. Taking all these factors into account, there seems to be a rather broad 
optimum -momentum range for light quark spectroscopy around lo-20 GeV,c, but 
higher energies can certainly be accommodated with an appropriate spectrometer 
design. 

The flux and cleanliness requirements on this beam appear to be quite modest. 
In an experiment with a restrictive trigger, the beam flux will be limited by the rate 
tolerance of the detector, and the cleanliness of the beam is the limiting factor; but 
for a more open trigger, the limiting factor is more likely to be the acquisition rate 
of the spectrometer. If the experiment runs in a mode which saturates the event 
acquisition capability at 1000 Hz, then with a 10 cm LH2 target and a 10 GeV/c K- 
beam, the average flux of useful particles required is N 2 x 105/sec. The maximum 
flux into a 47r spectrometer is limited by the tolerance of the detectors to tracks from 
events and background. Since there is a substantial amount of material in the beam, 
it is unlikely that a detector with conventional gaseous tracking detectors will be able 
to -tolerate an instantaneous flux much greater than N 1 x 107. Thus, the ratio of 
the desired particle to total flux must be around l/50 or better. Depending on the 
machine energy, particle type, duty factor, and trigger rate, an RF-separated beam 
inay (or may not) be required for minority particle (e.g. Kaon) beams. 

CPU Power and Data Storage 
The cost/performance ratio of computing equipment has been improving rapidly 

since the LASS experiment, and it now appears unlikely to be a crucial issue for the 
experimental program being considered here. None the less, the requirements are 
significant and need to be addressed as a part of the facility design. If we assume 
that the requirements are arbitrarily defined to be 100 times LASS per calendar year, 
the new experiment would need to transfer 6 Mbytes/set of data leading to a total 
data storage need of 50 terabytes per year. The basic CPU processing requirement for 
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reconstruction would be about 5000 MIP’s. There appears to be no difficulty meeting 
the latter requirement. The current best price/performance leader (a HP 9000/720) 
costs N $210/MIP. Th us, a 5000 MIP facility would cost about $lM at present prices. 
It will surely be less next year. 

Meeting data storage and channel rates requirements appears to be more prob- 
lematic12” Present technologies are marginal. For example, 8 mm tapes have rather 
high capacity (2500 Mbytes/tape), and the drives and tapes are inexpensive, but 
the @isfer rate is between 1 and 2 orders of magnitude too slow. Standard 3480 
silos have adequate transfer capabilities, but the cartridges have low capacity (- 200 
Mbytes per cartridge or 5 x lo5 tapes/year), and silo slots cost about $50 each. There 
are some future technologies on the horizon which would probably match the require- 
ments. For example, Sony has developed a digital instrument recorder using 19 mm 
tape which can store 0.1 terabytes/tape. The units are projected to cost about $25Ok 
each and have a transfer rate of N 1 - 30 Mbytes/set. Digital paper tape technolo- 
gies are also tantalizing. They would be expected to reach transfer rates of N 3 
Mbytes/set, and to store 1 terabyte/tape. The drives are modest in cost (- $200k 
per drive) but the paper tapes are expensive (- $lOk per tape). Since the number of 
tapes used per year is very small, however, it might be viable. 

Since CPU horsepower is so cheap, and since physics (four-vector) DST’s could 
easily be-an order of magnitude more compressed than raw data, it is tempting to 
consider- doing data reconstruction at the time the data are acquired and discard 
the raw data entirely. The data would then be ready for analysis as it was taken 
and the data storage problem would be significantly reduced. This implies that the 
spectrometer must be fully aligned and the software tuned before the bulk of the 
data are taken. Though this is not impossible in principle, it seems quite difficult to 
manage in practice. In LASS, for example, much of the raw data was carried along 
onto the DST’s for use in the final analysis stages. One could also try to devise a 
trigger or filter which puts only a desired subsample of events to tape. However, it 
is difficult to maintain a full 47r spectrometer unless the trigger is very sophisticated, 
and then the software and spectrometer must be well understood as the data are 
acquired. Thus, it would appear that some provision for full data storage of at least 
a portion of the experiment will be required in any case. 

CONCLUDING REMARKS 
_ A new fixed target facility for meson spectroscopy could make a significant, last- 

ing impact on our understanding of light quark mesons and exotica. However, such 
an experiment is a substantial effort. It requires (I) a very high quality spectrometer 

_ with 47r acceptance, full vertex reconstruction, particle identification, y detection, 
and a high (w 1kHz) data-taking rate; (2) very large data samples (- lOlo events); 
(3) lots of data storage and CPU horsepower; (4) sophisticated analysis programs; 
and (5) long term commitment from a laboratory and a group of experimentalists 
and interested theorists to the complete program. The beam flux requirements for 
most of the program are not particularly severe, and could probably be attained at a 
number of existing accelerators as well as at the new “factory” machines. However, 
at the moment, it appears that the required institutional commitment to the pro- 
gram is unlikely to be available at existing facilities, so that the performance of this 
experiment may “de-facto” await the construction of a high flux “factory.” 
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